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A B S T R A C T
When investigating shoulder kinematics, it may be necessary to limit shoulder joint angles at a speciﬁc
level. Previous studies used external frames or external surfaces to assist the participant to reach the
shoulder joint angles of interest. The accuracy of these methods, however, has not yet been investigated.
In the current study, an external frame was designed to assist in maintaining speciﬁc shoulder postures
in a wide range. The three degrees of freedom of rotation of the proposed frame were designed to be
consistent with the description of shoulder joint angles recommended by the International Society of
Biomechanics. Six participants used this frame to perform 118 different shoulder postures. The reference
joint angles measured by a motion tracking system were compared with the frame-deﬁned angles. The
angle differences among all the participants ranged from 12.78 to 85.68, with an average of 32.28 (SD
15.18) across all postures. For the postures with elevation angles on or below horizontal, the average
angle difference was 23.78 (SD 8.58). Findings suggest that errors exist when using an external frame to
assist in reaching speciﬁc shoulder postures. Error is minimized at elevation angles close to 308, and the
performance is poor for extreme shoulder postures.
 2013 The Authors. Published by Elsevier B.V.   
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Many shoulder studies describe shoulder joint kinematics using
three Euler angle rotations of the humerus relative to the thorax.
However, there lacks a consensus about Euler angle sequencing [1].
In 2005 the International Society of Biomechanics (ISB) recom-
mended unifying the sequence by ﬁrst rotating the humerus to the
desired plane of elevation (gh1), then elevating the humerus (bh),
and ﬁnally rotating the humerus to a new position (gh2) [2]. Since
recommended, the sequence has been adopted in many shoulder
kinematics studies [3–6].
Some studies require maintaining the shoulder at speciﬁc
postures. For example, in Brochard et al. [7], scapula orientation
was investigated at seven elevation angles (bh) in the sagittal plane
(gh1 ¼ 90) and coronal plane (gh1 ¼ 0). In Antony and Keir [8],
the activities of eight shoulder muscles were examined at four
elevation angles in three planes of elevation. To assist participants
in reaching desired postures some researchers use an external
frame or surface with indices for elevation angle [8–12]. When the* Corresponding author. Tel.: +1 508 497 0218.
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Open access under CC BYframe is aligned in the plane of elevation, the index can guide
positioning at desired elevation angles.
To our knowledge, differences between joint angles deﬁned by
an external frame and true shoulder joint angles have yet to be
examined. Using frame-deﬁned postures instead of true shoulder
postures may introduce measurement error. In the current study, a
frame designed to maintain speciﬁc shoulder postures has three
degrees of freedom (DoFs) of rotation consistent with the ISB
recommendation. For each of 118 postures, frame-deﬁned joint
angles were compared with reference angles extracted from
shoulder kinematics data measured by a motion tracking system.
2. Methods
2.1. Frame design
An aluminum frame (188 cm  110 cm  56 cm), was designed
to accommodate anthropometry ranging from the 2.5% female to
the 97.5% male (Fig. 1). A linear actuator mounted to the frame
permits vertical seat adjustment, aligning the participant’s
shoulder joint center with that of a 44 cm diameter steel arc.
The arc, attached to the frame above and below on pivots, allows
horizontal plane rotation about a vertical axis aligned with the long
axis of the humerus, deﬁning the plane of elevation (g fh1).
Superscript f indicates frame-deﬁned angles. A forearm support
has a bearing (part of the assembly mounted below) allowing
movement along the arc, deﬁning the elevation angle (b fh ). The license.
Fig. 1. A photograph showing the main components of the shoulder frame. The ‘‘+’’
indicates the assumed center of rotation of the gleno-humeral joint of the shoulder.
g fh1, b
f
h , and g
f
h2 stand for the frame-deﬁned plane of elevation, elevation angle, and
axial rotation, respectively. SHA, seat height adjustment; FLA, forearm length
adjustment; HLA, humerus length adjustment.
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humerus length, has a pivot located below the bent elbow and
aligned with long axis of the humerus permitting axial rotation (g fh2).Table 1
The 118 static thoracohumerual joint angles tested in the current study.
g fh1 b
f
h g
f
h2 g
f
h1 b
f
h g
f
h2 g
f
h1 b
f
h
0 0 60 30 30 90 60 30 
0 0 30 30 30 60 60 30 
0 0 0 30 30 30 60 30 
0 0 30 30 30 0 60 30 
0 0 60 30 30 30 60 30 
0 30 90 30 60 90 60 60 
0 30 60 30 60 60 60 60 
0 30 30 30 60 30 60 60 
0 30 0 30 60 0 60 60 
0 30 30 30 60 30 60 60 
0 60 90 30 90 90 60 90 
0 60 60 30 90 60 60 90 
0 60 30 30 90 30 60 90 
0 60 0 30 90 0 60 90 
0 60 30 30 90 30 60 90 
30 90 60 
0 90 90 60 120 
0 90 60 30 120 90 60 120 
0 90 30 30 120 60 60 120 
0 90 0 30 120 30 60 120 
0 90 30 30 120 0 60 120 
0 90 60 30 120 30 
30 120 60 60 150 
0 120 90 60 150 
0 120 60 30 150 90 60 150 
0 120 30 30 150 60 60 150 
0 120 0 30 150 30 60 150 
0 120 30 30 150 0This conﬁguration allows control of three DoFs of the right
shoulder corresponding to the three Euler angles described in the
ISB recommendation, within the following ranges:
0  g fh1  180, 180  b
f
h  0, and 90  g fh2  90. Fig. 2
presents examples of three posture settings and corresponding
rotation angles. Rotation is indexed in 308 increments at seven
levels for each DoF. When the forearm support is located at the
bottom of the arc (b fh ¼ 0), rotation axes of the arc and forearm
support are coincident, as in Fig. 2a.
To use the frame, the participant is seated and seat height is
adjusted so that the gleno-humeral joint center is coincident with
the arc center. Locking mechanisms at the three rotational axes are
then engaged ﬁxing frame positions. Humerus length adjustment
is made at the forearm support assembly, again aligning the gleno-
humeral joint at arc center. Neoprene shims inserted on either side
of the forearm to maintain alignment. Two brackets on the forearm
support extension are adjusted to control wrist and hand position
(Fig. 2). Seat height and humerus length adjustments not only
accommodate individual anthropometry, but also adjust for joint
center location changes associated with changes in shoulder
postures. No back support is provided to avoid interference with
motion data collection.
2.2. Experiment for examining frame accuracy
Six participants (4 females) (age: 33.7 (11.3) years, height: 1.69
(0.13) m, weight: 71.0 (10.5) kg, body mass index: 24.9 (3.7) kg/m2,
upper arm length: 0.29 (0.03) m) performed the protocol approved
by the local Institutional Review Board.
Theoretically, the frame allows 343 different conﬁgurations (7
levels of g fh1  7 levels of b
f
h  7 levels of g fh2). However, many
postures are not possible due to range of motion limitations. After
eliminating unreachable postures identiﬁed in pilot testing and
duplicate postures due to gimbal lock, 118 static postures were
examined (Table 1). For all gimbal lock conditions, g fh1 was set to 08
[13]. For the testing sequence, g fh1 was ﬁrst randomized; withing fh2 g
f
h1 b
f
h g
f
h2 g
f
h1 b
f
h g
f
h2
90 90 30 90 120 30 90
60 90 30 60 120 30 60
30 90 30 30 120 30 30
0 90 30 0
30 120 60 90
90 60 90 120 60 60
90 90 60 60 120 60 30
60 90 60 30 120 60 0
30 90 60 0
0 90 60 30 120 90 90
30 120 90 60
90 90 90 120 90 30
90 90 90 60 120 90 0
60 90 90 30
30 90 90 0 120 120 90
0 90 90 30 120 120 60
30 120 120 30
90 120 90 120 120 0
90 90 120 60 120 120 30
60 90 120 30
30 90 120 0 120 150 0
0 90 120 30 120 150 30
30 120 150 60
90 150 90 120 150 90
90 90 150 30
60
30
0
30
Fig. 2. Three illustrations of the positioning capabilities of the shoulder frame assembly. Note the location of the force/moment load cell under the forearm support visible in
(b) and (c).
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f
h was randomized; within each block of
g fh1  b
f
h , g
f
h2 increased from the minimum possible angle to the
maximum for one block, then decreased from maximum to
minimum for the next block.
For each static posture, the experimenter visually ensured the
participant maintaining the trunk upright in a seated position. 3-D
kinematics of the right upper extremity and trunk were measured
by an active-marker infrared motion analysis system (Optotrak
Certus System, Northern Digital, Canada) at 100 Hz. Clusters of
three markers were mounted on the trunk, right upper arm, and
right forearm. Anatomical landmarks including the sternal notch,
xiphoid process, C7, T8, right acromion process, lateral and medial
epicondyle, ulnar and radial styloid were digitized using a probe
with participants in an upright reference posture, arms at sides and
palms facing forward. For the humerus, it was assumed that the
gleno-humeral rotation center was on the line between the elbow
joint center and acromion process during the reference posture.The reference shoulder joint angles, grh1, b
r
h, and g
r
h2 (superscript
lower-case r indicates reference), were extracted using the
orientation of the trunk, upper arm, and forearm adopting the
second option of the ISB recommendation for the humerus
coordinate system [2].
A rotation matrix representing the difference between frame-
deﬁned shoulder posture and reference posture can be derived
using the following equation:
R ¼ ð frame baseRelbow bracketÞ1  ðtrunkRhumerusÞ (1)
where frame baseRelbow bracket represents the orientation of the forearm
support with respect to the frame base, and trunkRhumerus represents
humerus orientation with respect to the trunk. The trace of R
indicates the difference between the reference shoulder posture
and frame-set shoulder posture [14]. When reference posture
exactly matches frame-set posture, the trace equals 3.0. The
X. Xu et al. / Gait & Posture 39 (2014) 662–668 665corresponding angle difference, equal to arccos traceðRÞ12
 
, was also
calculated [15]. For each posture across all participants, average
trace and angle differences were used to indicate positioning
accuracy obtained with the shoulder frame. Standard deviations
(SD) were used to indicate inter-participant variability.
3. Results
Among all 118 frame-deﬁned postures, posture g fh1 ¼ 30,
b fh ¼ 30, g fh2 ¼ 60 (308 elevation in the plane of elevation of
308, with 608 external rotation) had the maximum trace across all
participants, 2.94, indicating a 12.78 difference between reference
and frame-set shoulder postures. Posture g fh1 ¼ 120, b
f
h ¼ 150,
g fh2 ¼ 90 (1508 elevation in the plane of elevation of 1208, with 908
internal rotation) had the minimum average trace, 1.15, indicating
a 85.68 difference. The average trace for all postures was 2.62 (SD
0.33) and the average angle difference was 32.28 (SD 15.18). For all
postures with g fh1  90, average angle difference was approxi-
mately 308, while postures with g fh1 ¼ 120 had approximately 408
average angle difference (Fig. 3). Among the levels of b fh , the
minimum average angle difference occurred at b fh ¼ 30. For
postures with 90  b fh  0, average trace was 2.80 (SD 0.12),
and average angle difference reduced to 23.78 (SD 8.58). The angle
difference associated with g fh2 gradually increased when g
f
h2
changed from 908 to 908. For detailed angle differences for all 118
postures see the appendix.
The pooled SD of angle difference among all postures was 9.48.
Posture g fh1 ¼ 60, b
f
h ¼ 60, and g fh2 ¼ 90 (608 elevation in the
plane of elevation of 608, with 908 external rotation) had the
minimum angle difference SD, 6.08, and posture g fh1 ¼ 90,
b fh ¼ 150, g fh2 ¼ 30 (508 elevation in the plane of elevation of
908, with 308 internal rotation) had the maximum SD of angle
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Fig. 3. Bar plot showing that the range of the angle difference with different levels of g fh1, b
75th percentile, and error bars represent the maximum and the minimum value.4. Discussion
The purpose of the study was to examine how accurately the
shoulder frame can guide participants to reach speciﬁc shoulder
postures. The results indicate that minimum shoulder posture
deviations occur when elevation angle b fh is close to 308, and that
performance is poor at extreme shoulder postures, most notably
when shoulder elevation angle b fh is 1208 or greater. This could
be due to postural accommodations as the shoulder joint reaches
end range. While reference joint angles are derived based on
orientation of the humerus relative to the thorax, frame-deﬁned
joint angles are relative to external frame orientation. Changes in
thorax orientation relative to the external frame can introduce
error in frame-deﬁned shoulder postures. Further analysis
indicated that, for all participants, the longitudinal axis of the
thorax could tilt as much as 31.18, averaging 10.28 (SD 7.08) across
all postures.
Average angle differences across all participants and postures
ranged between 26.68 and 38.78. However, with the limited
number of participants, inter-participant variability did not
signiﬁcantly correlate with height (p = 0.2369), body weight
(p = 0.9057), or upper arm length (p = 0.1031). One speculation
is that differences in hip width may contribute to variation
between participants. By necessity, the lower pivot of the arc is
located very close to the seat. An individual with greater hip
width relative to shoulder width might accommodate by
laterally tilting the trunk to achieve shoulder alignment with
the arc center, perhaps a matter for future study with a greater
sample size.
It should be noted, in the current study the frame controlled all
three DoF of shoulder rotation including gh2, while in previous
studies external frames or surfaces only controlled gh1 and bh [8–
12]. Although the current frame design provides a way to control90   120   150
)
-90  -60 -30    0    30   60   90
20
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60
70
80
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110
h2
 ( )
f
h , and g
f
h2. The middle bar is the median, the box represents the 25th percentile and
X. Xu et al. / Gait & Posture 39 (2014) 662–668666gh2, it may decrease the accuracy of gh1 and bh, because the upper
arm may naturally rotate axially when elevating within an
elevation plane [16]. If gh2 is not controlled, participants may
assume a more natural posture when reaching predeﬁned gh1 and
bh. In the current study, participants may have sacriﬁced some
accuracy of gh1 and bh in order to reach the speciﬁc gh2.
In summary, errors in positioning occur when using this
external frame to assist in reaching speciﬁc shoulder postures. The
magnitude of error depends on the shoulder posture. Therefore,
the shoulder posture of interest and the accuracy required need to
be carefully considered while using such a frame in future
research. The error, in general, is minimal at shoulder elevation
angles close to 308. Caution needs to be taken when shoulder
elevation angle b fh is 1208 or greater.
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Appendix
The mean (standard deviation) of the measured shoulder
posture and the average difference between the measured and the
frame-deﬁned shoulder posture across all participants for all 118
shoulder postures. The last column indicates the number of the
participant being unable to reach a shoulder posture.r
h2 Trace Angle difference Not reachable/6
85.0 (38.3) 2.8 (0.2) 23.7 (10.8) 1
61.5 (49.5) 2.8 (0.2) 22.1 (12.0) 0
35.9 (46.2) 2.7 (0.2) 26.7 (13.1) 0
17.2 (46.0) 2.8 (0.2) 25.4 (10.8) 1
9.9 (29.3) 2.8 (0.2) 26.9 (12.0) 2
113.6 (9.7) 2.8 (0.1) 24.7 (8.2) 0
83.0 (21.2) 2.9 (0.1) 20.1 (10.0) 0
53.2 (21.9) 2.9 (0.1) 20.0 (8.1) 0
20.6 (20.3) 2.9 (0.1) 19.1 (7.8) 0
12.9 (17.0) 2.9 (0.1) 17.5 (7.3) 0
105.3 (10.4) 2.7 (0.1) 29.8 (7.3) 0
82.3 (16.1) 2.8 (0.1) 23.9 (9.4) 0
52.0 (16.2) 2.8 (0.1) 22.2 (10.5) 0
20.3 (13.1) 2.8 (0.1) 20.6 (10.5) 0
12.5 (11.0) 2.9 (0.1) 20.1 (9.4) 0
94.9 (8.8) 2.7 (0.1) 30.8 (7.3) 0
73.7 (9.7) 2.7 (0.1) 28.9 (5.9) 0
47.7 (10.3) 2.7 (0.1) 29.9 (7.1) 0
20.6 (11.1) 2.7 (0.2) 29.7 (9.3) 0
10.5 (12.5) 2.7 (0.2) 30.1 (9.4) 0
42.3 (11.9) 2.7 (0.2) 28.0 (11.2) 1
84.4 (11.1) 2.5 (0.1) 42.8 (5.2) 0
63.9 (7.9) 2.5 (0.2) 40.4 (8.2) 0
40.8 (8.1) 2.5 (0.2) 39.6 (8.6) 0
19.6 (9.8) 2.5 (0.2) 41.3 (9.6) 0
4.2 (12.0) 2.3 (0.3) 47.2 (11.8) 0
103.6 (20.9) 2.9 (0.1) 17.8 (10.7) 0
72.1 (24.3) 2.9 (0.1) 15.7 (9.3) 0
38.2 (17.6) 2.9 (0.0) 12.7 (6.1) 0
6.3 (17.7) 2.9 (0.1) 15.0 (7.2) 0
21.3 (16.2) 2.9 (0.1) 18.0 (8.2) 0
102.4 (11.3) 2.9 (0.1) 19.4 (10.4) 0
78.1 (14.8) 2.9 (0.1) 19.9 (9.1) 0
45.2 (15.4) 2.9 (0.1) 20.7 (8.3) 0
13.2 (14.2) 2.9 (0.1) 20.6 (6.7) 0
14.4 (15.7) 2.8 (0.1) 24.7 (6.4) 0
95.9 (9.3) 2.8 (0.1) 24.4 (5.1) 0
74.2 (10.9) 2.8 (0.1) 26.1 (5.1) 0
46.9 (10.2) 2.8 (0.1) 27.7 (5.5) 0
17.0 (11.6) 2.7 (0.1) 29.8 (6.3) 0
7.9 (12.3) 2.6 (0.1) 34.1 (6.9) 0
30.5 (14.1) 2.4 (0.1) 44.9 (5.7) 1
86.7 (8.3) 2.7 (0.1) 31.2 (6.2) 0
67.0 (9.2) 2.6 (0.1) 35.1 (7.1) 0
43.5 (10.5) 2.6 (0.2) 35.4 (8.5) 0
20.5 (12.6) 2.5 (0.2) 40.8 (9.2) 0
2.1 (12.3) 2.3 (0.2) 50.4 (7.8) 0
19.3 (15.2) 1.9 (0.3) 61.4 (11.1) 0
79.0 (5.6) 2.3 (0.2) 50.1 (9.2) 0
62.3 (7.8) 2.3 (0.2) 50.0 (8.3) 0
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g fh1 b
f
h g
f
h2 g
r
h1 b
r
h g
r
h2 Trace Angle difference Not reachable/6
30 150 30 30.9 (8.0) 100.6 (13.7) 43.5 (10.1) 2.2 (0.3) 53.5 (9.8) 0
30 150 0 23.8 (7.8) 94.6 (13.9) 24.9 (11.4) 2.0 (0.3) 61.1 (11.3) 0
60 30 90 64.1 (11.2) 36.7 (10.2) 94.4 (10.6) 2.9 (0.1) 11.6 (9.1) 0
60 30 60 54.6 (14.3) 35.2 (10.3) 58.3 (11.3) 2.9 (0.1) 13.0 (8.1) 0
60 30 30 53.4 (15.8) 36.5 (9.9) 30.4 (13.8) 2.9 (0.1) 15.0 (6.6) 0
60 30 0 47.8 (19.5) 39.0 (10.0) 1.7 (17.4) 2.9 (0.1) 18.9 (8.2) 0
60 30 30 52.9 (6.6) 44.8 (17.1) 22.7 (2.1) 2.8 (0.1) 23.2 (11.1) 3
60 60 90 64.6 (8.6) 56.2 (10.5) 95.6 (10.9) 2.9 (0.0) 14.0 (6.0) 0
60 60 60 56.7 (8.4) 55.0 (9.6) 66.0 (12.2) 2.9 (0.1) 15.5 (5.9) 0
60 60 30 48.8 (10.2) 55.0 (8.8) 33.8 (14.8) 2.9 (0.1) 19.8 (5.2) 0
60 60 0 43.5 (10.8) 59.6 (5.8) 5.4 (13.4) 2.8 (0.1) 22.9 (5.7) 0
60 60 30 39.8 (15.7) 60.2 (7.8) 22.1 (14.1) 2.7 (0.1) 28.8 (7.6) 0
60 90 90 60.3 (8.4) 78.1 (10.7) 93.2 (7.7) 2.9 (0.1) 17.8 (6.3) 0
60 90 60 55.1 (10.5) 78.4 (7.5) 68.3 (10.4) 2.9 (0.1) 20.4 (5.8) 0
60 90 30 48.5 (10.6) 75.7 (7.3) 39.6 (10.0) 2.8 (0.1) 24.7 (7.1) 0
60 90 0 43.3 (9.4) 79.2 (7.7) 13.7 (11.4) 2.8 (0.1) 28.0 (8.2) 0
60 90 30 35.8 (12.2) 75.4 (7.4) 12.5 (11.5) 2.6 (0.1) 37.5 (6.8) 0
60 120 90 61.3 (9.2) 93.0 (9.4) 89.0 (4.9) 2.7 (0.2) 29.0 (8.6) 0
60 120 60 50.7 (9.5) 92.4 (9.4) 69.5 (6.0) 2.7 (0.2) 31.7 (8.8) 0
60 120 30 44.1 (11.6) 91.8 (10.5) 45.0 (9.2) 2.6 (0.2) 36.3 (10.3) 0
60 120 0 37.9 (11.3) 89.0 (11.1) 19.0 (10.3) 2.5 (0.2) 42.0 (10.2) 0
60 120 30 33.6 (9.1) 90.6 (11.3) 1.6 (12.0) 2.4 (0.3) 45.5 (12.7) 0
60 150 90 64.1 (10.2) 108.1 (12.1) 85.7 (7.4) 2.4 (0.3) 43.9 (11.4) 0
60 150 60 52.5 (7.7) 102.3 (12.3) 65.5 (5.4) 2.3 (0.3) 48.6 (12.1) 1
60 150 30 42.9 (8.9) 105.1 (15.0) 49.4 (9.4) 2.3 (0.3) 49.0 (13.1) 0
60 150 0 38.4 (7.9) 101.8 (14.9) 28.9 (10.3) 2.1 (0.4) 54.5 (13.3) 0
60 150 30 30.4 (7.5) 97.2 (13.3) 12.6 (9.8) 1.9 (0.4) 63.2 (11.7) 0
90 30 90 81.0 (16.1) 32.9 (9.7) 82.8 (15.9) 2.9 (0.1) 13.0 (7.6) 0
90 30 60 74.8 (18.3) 31.0 (4.6) 51.6 (16.9) 2.9 (0.1) 13.8 (7.5) 0
90 30 30 67.9 (22.1) 36.0 (11.0) 17.3 (15.4) 2.9 (0.1) 19.5 (11.9) 0
90 30 0 61.1 (20.5) 41.0 (11.0) 14.7 (9.2) 2.8 (0.2) 24.8 (11.7) 2
90 60 90 85.8 (9.9) 52.8 (8.6) 87.0 (9.3) 2.9 (0.1) 12.3 (8.4) 0
90 60 60 80.2 (14.6) 53.8 (8.1) 59.1 (11.3) 2.9 (0.1) 16.0 (8.4) 0
90 60 30 74.2 (13.8) 55.7 (9.4) 30.6 (11.3) 2.9 (0.1) 21.1 (7.5) 0
90 60 0 66.8 (14.1) 58.1 (10.7) 1.4 (9.4) 2.8 (0.1) 27.8 (7.6) 0
90 60 30 59.9 (16.7) 59.9 (14.1) 25.4 (6.8) 2.6 (0.2) 36.6 (7.9) 2
90 90 90 84.8 (6.7) 73.4 (8.8) 88.5 (5.7) 2.9 (0.1) 18.9 (9.0) 0
90 90 60 78.4 (9.1) 74.8 (8.1) 63.3 (5.8) 2.8 (0.1) 21.5 (8.9) 0
90 90 30 73.9 (10.0) 74.1 (7.9) 36.3 (7.6) 2.8 (0.1) 26.0 (8.4) 0
90 90 0 66.4 (13.1) 76.2 (7.6) 9.5 (8.4) 2.7 (0.1) 32.6 (8.0) 0
90 90 30 62.0 (14.8) 71.8 (10.3) 15.6 (9.2) 2.5 (0.2) 40.9 (8.6) 0
90 120 90 81.9 (8.6) 94.1 (9.0) 88.4 (5.8) 2.7 (0.2) 28.5 (9.8) 0
90 120 60 72.9 (10.7) 92.7 (7.3) 66.4 (3.6) 2.7 (0.2) 32.7 (10.3) 0
90 120 30 62.4 (7.4) 91.8 (8.7) 42.6 (5.2) 2.5 (0.2) 39.5 (9.8) 0
90 120 0 59.0 (11.8) 90.3 (11.9) 14.2 (5.5) 2.4 (0.3) 43.5 (13.4) 0
90 120 30 53.1 (10.6) 94.1 (11.7) 4.4 (8.2) 2.3 (0.3) 46.4 (14.2) 0
90 150 90 79.5 (14.1) 106.4 (9.3) 88.9 (4.8) 2.4 (0.3) 46.0 (11.6) 0
90 150 30 46.8 (11.4) 98.3 (12.9) 14.0 (10.8) 1.9 (0.5) 64.0 (14.9) 0
120 30 90 93.5 (15.4) 31.6 (9.6) 67.1 (21.3) 2.9 (0.1) 18.5 (9.1) 0
120 30 60 91.6 (12.9) 33.7 (10.4) 39.4 (12.4) 2.9 (0.1) 18.7 (9.1) 1
120 30 30 84.7 (18.8) 38.1 (14.3) 8.6 (14.3) 2.8 (0.2) 26.2 (12.2) 3
120 60 90 103.1 (10.9) 54.1 (9.5) 78.1 (9.6) 2.9 (0.1) 17.0 (10.8) 0
120 60 60 97.6 (12.2) 55.0 (8.9) 50.7 (10.1) 2.8 (0.1) 21.6 (10.1) 0
120 60 30 90.6 (11.2) 58.7 (8.7) 21.1 (8.0) 2.7 (0.1) 28.1 (8.4) 1
120 60 0 84.8 (18.2) 60.0 (10.2) 5.0 (9.9) 2.6 (0.2) 35.3 (12.6) 2
120 90 90 102.9 (8.4) 70.5 (8.1) 85.6 (5.2) 2.8 (0.1) 26.9 (8.9) 0
120 90 60 98.8 (9.3) 69.7 (6.3) 60.3 (5.3) 2.7 (0.1) 30.4 (7.8) 0
120 90 30 90.2 (12.7) 70.6 (6.4) 31.7 (4.1) 2.6 (0.2) 36.8 (9.9) 0
120 90 0 84.3 (10.0) 74.9 (6.9) 3.1 (4.0) 2.5 (0.2) 39.7 (9.4) 0
120 120 90 98.0 (11.6) 87.6 (7.6) 88.9 (4.4) 2.5 (0.2) 40.5 (9.1) 0
120 120 60 85.5 (14.5) 86.0 (7.6) 70.0 (4.3) 2.3 (0.3) 49.2 (9.8) 0
120 120 30 84.3 (17.3) 83.8 (12.1) 40.6 (4.3) 2.2 (0.3) 52.5 (11.4) 0
120 120 0 74.4 (11.6) 86.7 (10.3) 16.6 (3.1) 2.1 (0.4) 55.6 (13.2) 0
120 120 30 69.8 (14.3) 87.7 (9.9) 5.8 (4.8) 2.0 (0.4) 59.6 (11.9) 0
120 150 0 60.8 (4.2) 95.8 (6.9) 36.0 (3.4) 1.7 (0.2) 70.2 (6.4) 2
120 150 30 56.9 (13.4) 97.4 (10.4) 19.8 (8.3) 1.6 (0.4) 71.3 (14.0) 0
120 150 60 55.3 (14.0) 104.7 (11.4) 6.3 (9.0) 1.7 (0.4) 68.8 (12.6) 1
120 150 90 54.0 (19.6) 94.5 (13.4) 4.4 (0.5) 1.2 (0.5) 85.6 (13.4) 4
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